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@ Collagen fiber hemostatic material and method of producing the same. 



\ The present invention relates to a hemostatic 
material which can have a cotton-like material 
or felt-like form, the hemostatic material con- 
tains collagen fibres made by cross-linking the 
collagen molecule of water-soluble collagen 
fibre and then lyophilizing the cross-linked col- 
lagen fibre. The fibre has a thickness of 10 to 
40fim and fine crack-like fissures on its surface. 
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The pres nt inv ntion relates to collagen fib r 
hemostatic material which can be used for stopping 
bleeding caused by operation, injury or the like and a 
process for pr paring th sam . 

Absorptiv hemostatic materials have heretofore 
been used to stop bleeding from organs at the time of 
surgical operations, from vascular junctions or due to 
injury. Absorptive hemostatic materials of fibrous 
materials in cottony form have been often used 
because of their excellent operability. Cellulose oxide 
fiber in cottony form has been used, but it has a defect 
in that its absorbance into a living body is delayed due 
to the feet that it is not a substance which originates 
from a living body. Collagen fiber in cottony form hav- 
ing platelet aggregation by itself has been noted as a 
possible hemostatic material. This material is made 
by cutting insoluble collagen into cottony form, but this 
insoluble collagen is difficult to purity, whereby and 
thus it was difficult to obtain a product free of impuri- 
ties. 

There has recently been published a process 
which comprises spinning soluble collagen into cot- 
ton-like fibrous form and using the resulting material 
as hemostatic material. This process comprises 
hemogenizing pig skin, treating it with pepsin to pro- 
vide a collagen solution, spinning it into a coagulating 
bath to provide a fiber 50 um in average diameter, cut- 
ting the fiber into lengths of 2 to 5 cm, desalting with 
methanol, dehydrating and drying the resulting colla- 
gen. See JINKO ZOKI (Artificial Organs), Vol. 
19,No.3(1990), 1235 to 1238. This cottony hemostatic 
material has good properties because it can be puri- 
fied and shows good absorption into a living body. It 
has a defect in that the surface of the fiber is compara- 
tively smooth, and due to this defect its absorption of 
blood is not sufficient even when applied with press- 
ure to the bleeding moiety, due in part to its insufficient 
affinity for the bleeding moiety. Accordingly, this cot- 
tony collagen does not provide a satisfactory hemos- 
tatic effect. 

An object of the present invention is to provide a 
collagen fiber hemastatic material and a process for 
preparing the same. 

Another object ot the present invention is to pro- 
vide a hemostatic material which contains cotton-like 
material or felt-like material of a fiber which is made 
by cross-linking the collagen molecule of soluble col- 
lagen fiber, where the fiber has a thickness of 1 0 to 40 
jim and fine crack-like fissures on its surface. 

One embodiment of the invention will now be des- 
cribed, by way of example, with reference to Figures 
1,2 and 3. 

Figure 1 is a microscopic photograph of the 
lyophilized, cross-linked collagen fiber of the hemos- 
tatic material of the pres ntinv ntion. 

Figures 2 and 3 are microscopic photographs 
similar to that of Figur 1 at larger magnifications. 

A fib r usabl in the h mostatic material of th 



pres nt inv ntion can be a fiber having v ry fin 
crack-like fissures on its surface made by cross-link- 
ing the collag n molecule of solubl collag n fiber 
(hereinafter ref rred to as "cross-link d collag n 
5 fiber*). 

The very fine crack-like fissures on the surface of 
the cross-linked collagen fiber usable in the hemosta- 
tic material of the present invention greatly increases 
its surface area, so that it can absorb blood as a 

10 whole. When the hemostatic material of the present 
invention is placed against a bleeding region in a 
body, it markedly accelerates the rate of blood coagu- 
lation because it has a good affinity with the bleeding 
moiety, region or part of a living body. Further, the 

15 workability or adaptability of the hemostatic material 
of the present invention for placement on the bleeding 
region can be improved by using fibers having a thick- 
ness of 1 0 to 40 urn to make the hemostatic material. 
The cross-linked collagen fiber is preferably used 

20 in a cotton-like form. This can, for example, take the 
shape of a cotton ball. This cottony shape of the 
hemostatic material permits its shape to be freely 
changed together with easy adjustment of the amount 
used, making it applicable to virtually any shaped 

25 bleeding region. In addition to a cotton-like form, the 
cross-linked collagen fiber of the present invention 
can also be constructed in another desired form such 
as a gauze, felt or non-woven fabric. The felt form can 
be prepared by crushing and/or adhering the cotton- 

30 like form to another fiber so as to provide a felt form. 

The soluble collagen used to prepare the fibers of 
the present invention can include atelocollagen and 
atelocollagen derivatives which can be made by 
esterifying the carboxy group of the collagen 

35 molecule. The soluble collagen such as atelocollagen 
or the like usable as raw material in the present inven- 
tion can be easily purified to give goodnatured fiber. 
The soluble collagen fiber of the present invention 
becomes washable with water by cross-linking the 

40 spun fiber with glutaraldehyde, epoxy compounds or 
similar materials conventionally used for cross-linking 
the collagen molecule. The living body-absorbing rate 
of the collagen fiber can be controlled by varying the 
amount or degree of cross-linking. The rate of cross- 
es linking which is measured as the rate of reaction of e- 
amino groups on the side chains in collagen normally 
ranges from about 1% to about 50% or less, more 
preferably up to about 30%. A higher amount of cross- 
linking will slow the body-absorbing rate, and a lower 

so amount of cross-linking will increase the body-absorb- 
ing rate. Accordingly, the live body-absorbing rate of 
the hemostatic material of the present invention can 
be conveniently adjusted, depending upon the condi- 
tions of the bleeding region where it is to be used. 

55 After spinning, th fiber may be allowed to react 
with protamin to form a compl x, which can be 
washed and lyophilized. In this case, the complex is 
made by reacting protamin with collag n via a 
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d functional cross-linking ag nt such as glutaral- 
d hyd ,h xamethyl n diisocyanate or the like. This 
protamin complex can be h parinized by fixing hepa- 
rin to the protamine. Th protamine complex exhibits 
ar markabl ffect as a hemostatic material particu- 
larly during surgical operation, whereby the heparin 
can be used as an anti-thrombogenic agent A pro- 
cedure for preparing such a hepannized collagen by 
fixing a protamine to a collagen through a polyepoxy 
compound and heparinizing the collagen by fixing 
heparin to the protamine is described in U.S. Patent 
No. 4,806,595 of Noishiki et al. issued February 21. 
1989, which is incorporated herein by reference. 

The cross-linked collagen fiber of the present 
invention can be prepared for example, as described 
below. 

First atefocollagen is extracted by treating bovine 
derma or the like with an enzyme. This atefocollagen 
is purified by subjecting it to depyrogen, deal bum in or 
the like treatment. Because atelocollagen is soluble, 
it can easily be purified. A spinning solution is prep- 
ared from such purified atelocollagen. An appropriate 
collagen concentration in the spinning solution can be 
2 to 20%. The soluble collagen fiber is then made by 
spinning this spinning solution into an appropriate 
coagulation bath. An aqueous solution of sodium 
chloride, sodium sulfate or the like can be used for the 
coagulation solution. 

The resulting spun soluble collagen fiber is 
treated with a conventional cross-linking agent such 
as glutaraldehyde, epoxy compounds or the like typi- 
cally used for cross-linking the collagen molecule. 
The cross-linking treatment can be effected either 
after once drying the spun soluble collagen fiber or on 
fibers in the wet state shortly after spinning. Further, 
the cross-linking may be effected in acidic or alkaline 
conditions. 

After washing, the fiber is lyophilized (freeze- 
dried). During this lyophilization, the surface of cross- 
linked collagen fiber becomes cracked, so as to have 
numerous very fine fissures contained therein, as 
shown in Figures 1 to 3. As shown in Figures 1 to 3, 
the fissures or cracks in the surface of the fiber can 
vary greatly from, for example, very fine cracks of 
about 0.1 um in width up to fine cracks of about 0.5 
um in thickness. In Figure 1 the white bar represents 
1 0 um in length, and in Figures 2 and 3 the white bar 
represents 1 um in length. Conventional freeze-drying 
techniques can be used to lyophilize the cross-linked 
collagen fiber. Where the fiber is frozen the frozen 
fiber is dried in a vacuum so that during the drying pro- 
cess the fiber does not melt The lyophilized cross-lin- 
ked collagen fiber has a surface area which is 
markedly increased in comparison with the soluble 
collagen dried by d hydration after spinning. Th 
hemostatic material made from the fre ze-dried 
cross-linked collagen fiber of the pres nt invention 
has a greatly improved blood absorption and affinity 



with the bl eding region. Figure 1 is a microscopic 
photograph of the surface of th freeze-dried cross- 
link d collagen fiber described above at a magnifi- 
cation of about 7000. Figures 2 and 3 are microscopic 
5 photographs of a further enlarged surface of this fiber 
respectively at magnifications of 10.000 and 20.000. 

Lyophilization can be performed on wet fibers 
containg a substantial amount of water, e.g. fibres wet 
from washing with water, or can be performed on fib- 
to ers after dehydrating with a centrifuge or the like. In 
the former case, the lyophilized fiber takes a cotton- 
like form which does not need to be subjected to a dis- 
entangling treatment, but in the latter case, the 
lyophilized fiber usually needs to be disentangled so 
is as to provide the cotton-like form. Desentanglement 
can be achieved by conventional methods and 
machines which unravels fibers adhered or entangled 
together to form fine fibers. 

After lyophilizing, the cross-linked collagen fiber 
20 can be shaped into cotton-like, felt-like or other 
appropriate form; sterilized with, for example, y-ray, 
ethylene oxide gas or the like and then packed, for 
example, in sterilized packaging before provided to 
users. 

25 Furthermore, the pH of the hemostatic material of 

the present invention can be used in neutral or acidic, 
but an acidic medium is preferred in view of its higher 
hemostatic effect 

The following Examples are illustrative of the pre- 

30 sent invention: 

Example 1 

Fresh bovine derma was pulverized very finely, 

35 and the resulting very fine powder was washed 
repeatedly with 0.1 M aqueous sodium acetate and 
then washed with water. After washing with water, the 
very fine powder was extracted with 0.5 M aqueous 
acetic acid, and the residual insoluble was filtered. 

40 This insoluble collagen (100 g) was recover in wet 
form, mixed with 1 1 of 0.5 M acetic acid and then 0.1 
g of pepsin and stirred at 20°C for 3 days. This treat- 
ment transformed the insoluble collagen into viscous 
soluble collagen (namely, atelocollagen) solution. 

45 This atelocollagen solution was filtered, and the fil- 
trate was adjusted to a pH of 7.5 to give a precipitate. 
The precipitate was separated by a centrifuge and 
washed three times with water to give atelocollagen. 
This atelocollagen was made into 3% acidic sol- 

so ution which was extruded from a nozzle having 200 
pores of 70 um diameter into saturated aqueous 
sodium sulfate solution. The resulting threads or fib- 
ers were dipped in dilute hydrochlorfc acid having a 
pH of 4 and containing 0.5% glutaraldehyde (and con- 
55 taining 15% NaCf) for 15 minutes and washed with 
water. After washing with wat r, the threads were cut 
into I ngths of about 5 cm and lyophilized. After dry- 
ing, the resulting threads had th form of a cotton-like 
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hemostatic material without further modification. Th 
hemostatic material was sterilized with y-ray and used 
in Exam pi 6 described b low. 

Example 2 5 

A plurality of cotton-like hemostatic about 1 cm 
thick as obtained in Example 1 were pressed to give 
felt-like cloth hemostatic material having a thickness 
of 3 cm. 10 

Example 3 

The threads spun in the same manner as in 
Example 1 were dipped in a 1 % solution of protamine 15 
sulfate and then in 1% glutaraldehyde solution for 10 
minutes for cross-linking. The threads were washed 
with water and lyophilized as in Example 1 to give a 
cotton-like hemostatic material containg protamine. 
The hemostatic material was sterilized by y-ray and 20 
used in Example 6 below. 

Example 4 

The cotton-like hemostatic material obtained in 25 
Example 3 was pressed in the same manner as in 
Example 2, and a felt-like cloth hemostatic material 
was obtained. 

Example 5 30 

The threads obtained by spinning in the same 
manner as in Example 1 were dipped in an aqueous 
weakly alkaline solution of pH 9 containing 0.5% 
glutaraldehyde for 10 minutes, and then dipped in a 35 
dilute hydrochloric acid solution having a pH of 3 for 
1 hour. The threads were thoroughly washed with 
water and lyophilized in the same manner as in 
Example 1 to give a cotton-like hemostatic material. 

40 

Example 6 

The blood coagulating effect of the hemostatic 
materials obtained in Examples 1 and 3 were at first 
measured in vitro. The coagulating rate for each ma- 45 
teriaJ was measured, where blood : hemostatic ma- 
terial = 5.0 mi : 0.1 g, namely 5.0mf of Wood with 0.1 
g of a respective hemostatic material. In this test the 
hemostatic material in Example 1 coagulated in about 
30 seconds, and the hemostatic material in Example so 
3 coagulated in about 18 seconds. On the other hand 
with the same test, commercially available cellulose 
hemostatic material coagulated in about 90 seconds, 
and insoluble powdery collagen hemostatic material 
coagulated in about 40 s conds.Thes tests d mon- 55 
strate th improved blood coagulating ability of th 
h mostatic material of the pres nt invention. 

Furth r, an animal test with a dog's spl n was 



carried out In this test a dog's spleen was cut off with 
a knrf and the amount of time required to stop the 
resulting bleeding with different hemostatic mat rial 
was measured. In this test, the hemostatic material in 
Example 1 stopped the bleeding in 150 seconds, that 
of Example 3 stopped the bleeding in 175 seconds, 
while the commercially available cellulose hemostatic 
material required 310 seconds and in soluble pow- 
dery collagen hemostatic material needed 190 sec- 
onds. Thus it was evident that the hemostatic material 
of the present invention was very effective for stop- 
page of bleeding. 

Since collagen fiber, namely the material coming 
from a living body, such as a mammal is used to prep- 
are the hemostatic material of the present invention, 
the material of the present invention can provide an 
effective living body absorption rate without foreign 
reaction or rejection from the living body. Since the 
soluble collagen is used as a starting collagen for 
spinning, it can be easily purified to give a goodnat- 
ured product The surface of the fiber of the present 
invention is provided with very fine crack-like fissures 
which fissure increases its surface area and provides 
improved blood absorption. Further, the hemostatic 
material of the present invention shows an excellent 
affinity with bleeding regions so that blood coagu- 
lation will take place rapidly with a remarkable hemos- 
tatic effect Still further, due to the fact that the 
hemostatic material of the present invention has a cot- 
ton-like or felt-like form made from fibers of 10 to 40 
urn in thickness, it can be easily shaped into any form 
so as to adapt to any bleeding region in the living 
body. 

In addition, the rate absorption of the hemostatic 
material of the present invention by the living body 
can be adjusted by varying the degree of cross-linking 
of the soluble collagen, where a higher amount of 
cross-linking slows absorption and a lower amount of 
cross-linking speeds absorption. This enables the liv- 
ing body-absorption of the material of the present 
invention to be conveniently changed in accordance 
with the state of the bleeding region. Further, the 
hemostatic effect of the material of the present inven- 
tion can be achieved even when the spun soluble col- 
lagen fiber is reacted with protamine to give a complex 
thereof, which can be ionically bonded with heparin. 
Thus, the present invention can also provide an excel- 
lent hemostatic effect together with increased anti- 
thombogenic properties due to slow release of 
heparin from the collagen fiber/protamine complex. 

An Additional advantage of the present invention 
is that the cross-linked collagen fibre having very fine 
crack-like fissures on its surface, can be easily prep- 
ared by simple methods such as spinning th soluble 
collagen, cross-linking, washing with wat r and 
lyophilizing. Accordingly, an improv d h mostatic 
material can be pr pared at a r asonable cost by th 
process of th pres nt invention. 
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Claims 

1. A hemostatic material comprising cross-linked 
solubl collag n fibres, characterised in that said 
fibres hav a thickness of 1 0 to 40 urn and a sur- 5 
face containing fine fissures. 

2. A hemostatic material as claimed in claim 1 in 
which said fissures are from between 0.1 ^m and 
0.5um thick. to 

3. A hemostatic material as claimed in claim 1 or 2 
wherein the cross-linked collagen fibre is com- 
plexed with protamine. 

15 

4. A hemostatic material as claimed in claim 3, 
which further comprises heparin. 

5. A hemostatic material as claimed in any of the 
preceding claims wherein the collagen fibre is 20 
cross-linked in an amount of about 1% to about 
50% based on e-amino groups on side chains of 
collagen. 

6. A hemostatic material as claimed in claim 5 whe- 25 
rein the collagen fibre is cross-linked in an 
amount of about 1% to about 30% based on e- 
amino groups on side chains of collagen. 

7. A hemostatic material as claimed in any of the 30 
preceding claims further characterised in that it is 

in the form of a cotton-like material. 

8. A hemostatic material as claimed in any of claims 

1 to 6 further characterised in that it is in the form 35 
of a felt-like material. 

9. A process for preparing collagen fibre for a 
hemostatic material comprising: 

spinning an aqueous solution of soluble 40 
collagen into a coagulating bath, 

cross-linking the resulting spun collagen 
fibre and washing it, said process being charac- 
terised in that the resulting cross-linked collagen 
fibre is lyophilized. 45 

10. A process as claimed in claim 9 which further 
comprises reacting the spun collagen fibre with 
protamine to provide a complex therewith. 

50 
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FIG.1 
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FIG. 3 
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